For cells to flourish, the genetic code must be translated with great accuracy into the amino acids that proteins are made from. During translation, the cell's protein-synthesis factory -the ribosome -carefully monitors the process by which new amino acids are added to a growing polypeptide chain. For each one, a specific trinucleotide (a codon) on messenger RNA is paired with a complementary anticodon on a transfer RNA, which at its other end carries the corresponding amino acid. Once codon-anticodon pairs have formed, the amino acid is chemically linked to the polypeptide chain by a peptide bond. At this point, it was thought that the quality-control duties of the ribosome were more or less complete. But Zaher and Green 1 present evidence in this issue (page 161) that, even after peptide-bond formation, the ribosome can detect codonanticodon mismatches and reacts by bringing the protein's synthesis to a premature end.
The matching of codons and anticodons by the ribosome is a tricky process, involving a certain amount of leeway (Watson-Crick wobble) to allow the reading of all 64 codons that make up the genetic code. So it is not surprising that, despite careful match making, mistakes are sometimes made, resulting in misfolded or non-functional proteins that must be refolded or destroyed after translation is finished. During protein synthesis, mistakes are generally thought to occur at a rate of about 1 in every 20,000 amino acids, although levels can be higher or lower depending on the conditions 2, 3 . Studies in different living systems support this estimated rate of error, whereas experiments with individual components of the protein-synthesis machinery in vitro have yielded less clear-cut results.
It was one such experiment that piqued Zaher and Green's interest. When looking at the formation of simple two-amino-acid
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Errors rectified in retrospect
Kurt Fredrick and Michael Ibba During protein synthesis, mistakes in adding amino acids to the growing polypeptide chain are usually prevented. If they are not, a quality-control mechanism ensures premature termination of erroneous sequences.
limited by the roughness of the gold and silica surfaces, and the maximum distance limited by the system's sensitivity.
Munday and colleagues' demonstration of a repulsive C-L force is pivotal for both fundamental physics and nanodevice engineering. For example, it might be possible to 'tune' the liquid (possibly by mixing two or more liquids) so that the force becomes attractive at large separations, but remains repulsive at short range. This would provide the means for quantum levitation of an object in a fluid at a fixed distance above another object, and so could lead to the design of ultra-low-friction devices. The applications of the C-L force to nanodevices remain to be investigated, but the prospects look exciting.
■
Steve K. Lamoreaux is in the Department of Physics, Yale University, New Haven, Connecticut 06520-8120, USA. e-mail: steve.lamoreaux@yale.edu peptides, they sometimes saw error rates as high as 1 in 2,000 -an order of magnitude higher than they had expected. To further explore these high error rates, they turned to an occasional mistake that is well documented in living systems: the erroneous translation of the AAU codon into the amino acid lysine, rather than aspara gine. They also began to look at the formation of longer peptides of up to four amino acids. Much to their surprise, they found that, once a mistake has been made, the ribosome becomes much less efficient at adding amino acids. So rather than continuing to grow, the nascent peptide chain was released from the translational machinery prematurely.
Ribosomes contain three binding sites for their tRNA substrates: the aminoacyl (A) site, the peptidyl (P) site and the exit (E) site. During each round of amino-acid chain elongation, codon-anticodon pairing allows entry of the correct tRNA into the A site (Fig. 1a) . The nascent polypeptide chain bound to the tRNA at the P site is then transferred to the tRNA bearing a new amino acid at the A site, thereby lengthening the chain by one residue. This cycle of amino-acid addition is completed when the tRNA originally at the P site moves to the E site and the tRNA at the A site shifts to the P site, freeing up the A site for the next tRNA (Fig. 1a) . The tRNA translocations are accompanied by mRNA movement by three Most of us have probably sprinkled iron filings on a piece of paper laid on top of a bar magnet and seen how they line up in an ordered pattern. The filings trace out the magnetic field produced by the magnet. The strength of the magnetic fields observed in stars and planets, which act like giant bar magnets, varies by several orders of magnitude. Finding the culprit behind this variation has been a challenge. On page 167 of this issue, Christensen et al. 1 announce that it is the convective energy flux available that sets the strength of the magnetic field in certain stars. Like Earth, many -perhaps most -astronomical objects have magnetic fields threading through their interiors and emanating from their surfaces. On the Sun, the magnetic field is known to produce sunspots -regions of intense magnetic activity that are cooler, and hence darker, than the typical surface temperature of the Sun (about 6,000 kelvin). Sunspots were in fact first observed by Galileo, although at the time he was unaware of the role magnetic fields played in creating them. Solar magnetic fields produce a number of other effects, including a very hot (10 6 K), tenuous corona and energetic explosions such as solar flares.
Magnetic fields are now thought to be a common feature of all stars with masses similar to, or lower than, that of the Sun. The evidence comes from observations of the high-energy X-ray emission produced by the hot coronae
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Christopher M. Johns-Krull How low-mass stars produce their ubiquitous magnetic fields has long puzzled astronomers. Models of how Earth accomplishes this task could hold the key to understanding the phenomenon on such stars. nucleo tides -or one codon -towards the E site. Iterative cycles of elongation occur until a stop codon, signalling the end, reaches the A site. Specific recognition of this codon by a primary release factor (known as RF proteins in the bacterium Escherichia coli) promotes hydrolysis of the now mature polypeptide from the P-site tRNA, a process called termination 4 .
In an effort to understand their puzzling observations, Zaher and Green 1 studied several defined ribosomal complexes, made from purified components, in vitro. They find that complexes containing a mismatch between the anticodon and codon in the P site are susceptible to RF2-mediated peptide release, despite the absence of a stop codon in the A site (Fig. 1b) . Although slow, this reaction was stimulated considerably by the secondary release factor RF3, suggesting that it might be relevant in vivo, where both RFs are present.
Intriguingly, a sequence containing a mismatched codon-anticodon pair in the P site also stimulated further error -that is, incorporation of an amino acid despite the absence of correct codon-anticodon pairing 1 . Consequently, complexes containing codonanticodon mismatches were made in both the E and P sites. Again, the authors observed high rates of RF-dependent peptide release in these complexes, suggesting that termination can efficiently compete with elongation. The net effect is that miscoding errors terminate translation prematurely, which is another means of quality control by the ribosomeretrospectively, following peptide-bond formation -to increase the fraction of functional proteins made.
How codon-anticodon mismatches in the P site (or P and E sites) stimulate further miscoding and peptide release remains unclear. Codon-anticodon pairing in these sites normally helps to maintain the correct reading of codons on mRNA. Mismatches could disrupt such systematic reading of mRNA, potentially allowing various codons to transiently occupy the A site as the mRNA slides through the ribosome unpaired. Another possibility is that mismatches generate a conformational signal in the ribosomal complex that alters the activities of the translation factors such as RF proteins. Indeed, earlier work [5] [6] [7] showed that conformational changes in the ribosome regulate both the decoding of mRNA and its termination.
Regardless of the precise mechanism involved, Zaher and Green's work 1 reveals a facet of quality control in protein synthesis that depends on an unanticipated level of complexity in the workings of the ribosome. surrounding these stars (the X-ray emission and the magnetic-field flux follow a linear relationship 2 ). Magnetic fields also seem to be responsible for slowing the rotation of Sun-like stars over time, and are strongly implicated in a range of phenomena that occur during the early and late stages of a star's life.
But how are these magnetic fields produced? The answer seems to lie in some sort of dynamo action. A dynamo is a mechanism that takes a weak, seed magnetic field and amplifies its strength by many orders of magnitude. We have basic ideas about the solar dynamo. Imagine magnetic-field lines drawn on the surface of the Sun starting at its south pole and extending to its north pole (Fig. 1a) , and
